. Studies have demonstrated the feasibility of providing ART in developing countries, with one-year treatment effectiveness similar to that in developed countries [5] [6] [7] [8] [9] [10] [11] [12] . However, after a decade of ART scale up began in earnest, some studies have reported treatment failure and drug resistance among HIV-treated adults in China 13, 14 . A retrospective cohort study reported a 50% treatment failure rate at five years after treatment initiation among mainly former plasma donors or blood transfusion recipients 11 . A meta analysis showed an overall pooled prevalence of transmitted HIV drug resistance of 3.64% before 2012; however, a significantly higher rate of 5.18% was observed among those initiating ART in the period of 2003 to 2005 15 . Jiangsu province, located in eastern China, has an estimated number of 12,000 PLWHA. The provincial NFATP was initiated in early 2005. NFATP is a centralized system overseen by the Division of Treatment and Care within the National Center for AIDS/STD Control and Prevention 16 . Implementation and management of the treatment programs, including provision of free first-line ART, are responsibilities of local Centers for Disease Control and Prevention (CDC) and government designated hospitals. In Jiangsu province, only five government designated hospitals in five cities are eligible to provide ART and care to PLWHA. The result has been overburdening of the local CDC in providing treatment and care to the majority of PLWHA.
The pattern of the HIV epidemic in Jiangsu was similar to that of the country, where the main transmission routes were blood-related and injecting drug use in the early phase and gradually changing to sexual contact, both heterosexual and through male-male sex, since 2006 14 . Recent studies found that HIV-positive patients infected
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through sexual transmission had faster progression of disease than other patients 17, 18 . Thus, in additional to a more resource-strained centralized system of providing treatment, the changing HIV epidemic may also affect the effectiveness of NFATP. It is therefore important to understand the impact of NFATP on clinical outcomes over the last several years to gain insights for patient management and health planning for expanding treatment. However, long-term data are limited for treatment outcomes among HIV-treated patients in China, in particular among more recently affected groups such as men who have sex with men (MSM). Therefore, we conducted this analysis to examine immunologic treatment failure rates and associated risk factors among a large cohort of HIV-infected adult patients in Jiangsu province, China from 2005 to 2013.
Results
A total of 5,788 records of treatment eligible HIV-positive individuals who initiated ART in Jiangsu province were collected from the web-based database between January 1, 2005 and December 31, 2013. Of these, 705 (12.2%) had no measures of follow-up CD4 counts and were excluded. These included 473 who enrolled in care in 2013 but had not yet had a CD4 count after ART initiative, 190 who died before follow-up, 38 who migrated to other provinces, and four who were lost to follow up for unknown reasons.
The characteristic of the remaining 5,083 (87.8%) patients who had at least one follow-up CD4 count on record are presented in Table 1 . Most (86.9%) were enrolled in care after 2010. The median age at ART initiation was 38 years, 82.1% were men, 56.5% were married. The largest proportion (46.5%) was infected through male-to-male sexual contact. The median baseline CD4 count at ART initiation was 189 cells/uL (interquartile range [IQR] , 76 to 285).
There were 1,547 patients (30.4%) who met WHO criteria for immunologic treatment failure over the 90-month study period. The cumulative proportion of treatment failure was 26.6% by month 12, 50.5% by month 60, and 64.1% by month 90 (Fig. 1) . Differences in the trends in median CD4 cell counts between the treatment success and failure groups are shown in Fig. 2 . CD4 cell counts in the treatment success group continued to increase over the 90-month period, whereas CD4 cell counts in the treatment failure group stopped increasing after 60 months.
In bivariate analysis, female sex (HR 0.85, 95% CI 0.75-0.97, p = 0.017), non Jiangsu residency (HR 0.83, 95% CI 0.73-0.95, p = 0.008), and initiating CD4 count 101-200 compared to ≤ 100 (HR 0.71, 95% CI 061-0.82, p < 0.001) were associated with a lower rate of treatment failure ( Table 2 ). Initiating CD4 count > 350 compared to ≤ 100 (HR 2.29, 95% CI 1.90-2.77, p < 0.001) and treatment at a CDC (HR 1.16, 95% CI 1.05-1.29, p = 0.04) or at a jail (HR 1.92, 95% CI 1.31-2.83, p = 0.001) were associated with higher rates of treatment failure. Of note, age, marital status and mode of transmission were not associated with treatment failure. In multivariate analysis, patients who were treated in the CDC system (HR 1.69, 95% CI 1.14-2.50, p = 0.009) and jail hospital (HR 1.20, 95% CI 1.08-1.34, p = 0.001), and had a baseline CD4 cell count higher than 350 cells/uL (HR 2.37, 95% CI 1.94-2.89, p < 0.001) at ART initiation compared to ≤ 100, had a higher rate of treatment failure. Compared to ≤ 100, having a baseline CD4 cell count of 101-200 cells/uL was associated with a lower rate of immunologic treatment failure (HR 0.72, 95% CI 0.62-0.83, p < 0.001).
Discussion
Almost one-third of patients in Jiangsu province had immunologic treatment failure by one and half years following initiation of ART. Cumulative treatment failure was over half by five years and nearly two-thirds by 7.5 years. The five-year result is consistent with the reported outcome of the national treatment program 12 , which supports that the treatment quality in our province stands the similar level as the nation. However, the accelerated increasing tread of treatment failure in the following 2.5 years alerts Chinese policy makers to evaluate ART effectiveness, second line regimens, and timely monitoring of drug resistance. We also found that CD4 counts continued to improve among patients without treatment failure even to 90 months after initiation; whereas, by 60 months no further improvement was seen among those with treatment failure. Our data suggest that switching to second-line and other drug regimen options will be needed for most patients in Jiangsu province within a few years.
New treatment options will also be needed for many patients earlier in the course of their care. We also found that the cumulative treatment failure rates increased rapidly within the first 12 months of ART initiation. The literature has documented that rates of treatment modification and interruption are high during the first year of ART due to intolerance, toxicity, and depression leading to poor adherence 19, 20 , which may in turn lead to increased drug resistance. Unfortunately, at present, the national treatment program is limited by few available regimens, limited resources, as well as a lack of a functional drug resistance monitoring system 2, 3, 12 . Meanwhile, strategies proven to improve treatment success in the early stages of ART use, such as pre-ART counseling, drug adherence education, and providing social support by peers to reduce stigma, and professional support to treat and reduce depression 21 , should be integrated into existing treatment programs. We also found patients treated within the CDC system and in jail hospitals had significantly higher rates of treatment failure. This may be due to the lack of HIV medical specialists and fewer clinical resources in these institutions. Other studies in China have shown that patients treated in the CDC systems have higher mortality than those treated in the hospitals 21 . The implications are that China's national program should significantly increase the number of eligible hospitals to provide treatment for PLWHA, which should engender gains in quality of care, reductions in treatment failure, and subsequent improvements in morbidity and mortality. The timing is especially critical as China's new national HIV prevention strategy is moving towards scaling up treatment as prevention with more extensive screening of key populations for HIV, identification of undiagnosed HIV cases, and earlier provision of ART 21 . Puzzling and different from other studies 12 , we found that having a baseline CD4 cell count > 350 at ART initiation was a risk factor for treatment failure compared to ≤ 100. One plausible explanation is tautological in that we used a drop in CD4 cell count to define treatment failure. Individuals with higher baseline CD4 cell counts might be more likely to meet the WHO criterion since their CD4 cell counts were already high and thus even Scientific RepoRts | 7:42381 | DOI: 10.1038/srep42381 a small drop would categorize them as treatment failure. By a similar rationale, it may be more likely to see an increase in CD4 among patients who had very low baseline counts in response to treatment. We also did not find higher treatment failure rates among patients infected via heterosexual and male-to-male transmission routes as previously reported 17, 18 . A possible reason could be the shorter observational period among these subgroups as a majority of them were enrolled after 2011.
We recognize other limitations of our study. First, based on the WHO criteria, the definition of immunologic treatment failure did not take into consideration other clinical factors that may affect treatment response. The complicated human immune response mechanism and other possible disease infections might have caused the failure rates to be under-or over-estimated. However, because our study is a long-term cohort with a large sample size, we believe the trends are likely robust. Second, our study did not have patient viral load information and or measures of adherence, also factors measuring or heralding treatment failure 22, 23 . Finally, there were 12.2% excluded patients who did not have any follow-up CD4 test results, which might have introduced bias to the results of our study. However, 67% of the excluded patients were from 2013, the final year of cohort enrollment, and therefore the bias may be mitigated by the very short observation period compared to the longer term cohort. Despite limitations, our analysis quantified the moderate to substantial immunologic treatment failure among treated patients in Jiangsu province, China, during a decade of scale up of ART. Providing free or affordable second-line regimens, improving the first-line regimen, including using combinations to increase adherence, and shifting ART providers to professional hospitals should be considered as expansion of treatment continues in order to consolidate the gains in morbidity averted and lives saved so far.
Methods
Study Design and Participants. This was a retrospective, open cohort study of HIV-infected adults on ART enrolled between January 2005 and December 2013 in Jiangsu province, China. All patients on ART who had at least one follow-up CD4 count recorded during the observational period were included. Data were obtained from the national web-based ART database of Jiangsu province. The national database has been described in detail elsewhere 3 . Briefly, China's implementation of the national free ART policy entailed classifying all HIV-positive individuals who meet the updated national treatment guidelines as eligible to receive ART, and they were provided treatment by designated hospitals, CDCs, and jails. The first-line treatment regimen consists of zidovudine (AZT) or stavudine (d4T) or tenofovir (TDF) with nevirapine (NVP) or efavirenz (EFV) and lamivudine (3TC). Except for TDF, all drugs were produced domestically. If patients had treatment failure on the first line regimen, Lopinavir/ritonavir (LPV/r) is used as the second-line regimen drug.
According to the national treatment guideline, after ART initiation clinical follow up visits were scheduled after 2 weeks, 1 month, 2 months, and then every 3 months afterwards. Free CD4 tests were conducted twice per year by designated hospitals or CDC. Baseline CD4 test was required to be conducted within the first 6 months after ART initiation. All clinical visit forms and CD4 results were collected and entered into the national web-based antiretroviral treatment program data information system. The last follow-up clinical visit was up until June 30, 2014.
Measures. The clinical visit form collected patients' demographic information, including age, gender, marital status, and registered residence, transmission route, and treatment related information such as facilities providing ART, and CD4 counts (baseline, ART initiation, and follow-ups). We used the WHO criteria to define immunologic treatment failure: CD4 cell count < 100 cells/uL after receiving treatment for six months, or CD4 cell count at or less than pretreatment level after receiving treatment for six months, or CD4 cell count less than 50% of peak on-treatment level 24 . We considered treatment to have failed for patients who met any of these criteria. We defined time to failure as treatment initiation date to the first CD4 cell count date when the patient met one of the three criteria. CD4 counts were tested by flow cytometry, FACSCalibur instruments (BD Company, USA). All methods were performed in accordance with the China National Free Antiretroviral Treatment Program, and informed consent was obtained from all subjects in the study.
Statistical Analysis. Data obtained from the national web-based system were cleaned for analysis. We compared baseline characteristics between treatment success and failure groups by using the Mann-Whitney test for continuous variables and the Pearson chi-square test for dichotomous and categorical variables. We calculated survival curves using the Kaplan-Meier method and assessed statistical significance between groups by using the log-rank test. We used Cox proportional hazards modeling to assess differences in rates of treatment failure as hazard ratios (HR) between potential risk factors. Risk factors with p values < 0.05 in the bivariate COX proportional hazards model were entered into the final multivariate model. SPSS (version 16.0, Chicago, Illinois, USA) was used for all analyses. All statistical testing was 2-sided, with an α level of 0.05. 
